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© Circuit substrate for mounting a semiconductor element. 



© A circuit substrate for mounting a semiconductor 
element comprises an aluminum-copper clad foil 
(8,9) laminated on a metallic base plate (1) by inter- 
posing an insulating layer (2), wherein the roughness 
in average of the surface in contact with the insulat- 
ing layer of the aluminum-copper clad foil is in a 
range of from 0.5 urn to 50 urn. 
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The present invention relates to a circuit sub- 
strate for mounting a semiconductor element used 
for electric devices, communicating devices and 
automobiles. More particularly, the present inven- 
tion relates to a highly reliable circuit substrate for 5 
mounting a semiconductor element having an im- 
proved bonding strength between a metallic foil for 
forming a circuit and an insulating layer; a high 
resistance to voltage, and excellent wire bonding 
property. 10 

There have been used a copper foil, a nickel- 
plated copper foil and an aluminum-copper clad foil 
as an electric conductive foil used for a circuit 
substrate for mounting a semiconductor element 
which is used mainly for electric devices, commu- 75 
nication devices and automobiles. In recent years, 
these foils have been used in various fields, and 
there are demands of circuit substrates capable of 
high density packaging, and having a high voltage 
resistance property, excellent wire bonding prop- 20 
erty and providing high reliability. For instance, 
U.S. Patent No. 4,521 ,476 discloses a process for 
preparing a hybrid integrated circuit substrate hav- 
ing a circuit which is formed of an aluminum- 
copper clad foil laminated on a metallic base plate 25 
through an insulating layer. Japanese Examined 
Patent Publication No. 15153/1989 discloses a cir- 
cuit substrate in which an aluminum-copper bond- 
ing foil is used. Further, Japanese Unexamined 
Patent Publication No. 108347/1991 disclose a wire 30 
bonding method using an aluminum wire and a 
gold wire. However, the conventional techniques do 
not satisfy the demands described above. For in- 
stance, when a conventional circuit substrate has 
been used for a power module to which a large 35 
current or a high voltage has been applied, the 
bonding strength (peel strength) between the circuit 
formed of an aluminum-copper clad foil and the 
insulating layer and the voltage-withstanding char- 
acteristic have not been sufficient, and accordingly, 40 
reliability has been low. Further, there has been a 
problem that the bonding strength between the 
circuit and electronic devices such as semiconduc- 
tors at connecting portions formed by wire bonding 
an aluminum wire or a gold wire has been insuffi- 45 
cient and unstable, and therefore, reliability has 
been insufficient. 

It is an object of the present invention to pro- 
vide a circuit substrate for mounting a semiconduc- 
tor element having a large bonding strength be- 50 
tween a circuit of an aluminum-copper clad foil and 
an insulating layer, an improved voltage breakdown 
strength characteristic and reliable strength of wire 
bonding. The inventors of this application have 
studied on the roughness of the surface in contact 55 
with the insulating layer of the aluminum-copper 
clad foil, the roughness of the surface of the foil in 
contact with a bonding wire and the quality of an 



aluminum foil, which are factors influencing the 
above-mentioned characteristics, and have 
achieved the present invention by finding a circuit 
substrate of high reliability. 

Namely, in accordance with the present inven- 
tion, there is provided a circuit substrate for mount- 
ing a semiconductor element having an aluminum- 
copper clad foil laminated on a metallic base plate 
by interposing an insulating layer, characterized in 
that the roughness in average of the surface in 
contact with the insulating layer of the aluminum- 
copper clad foil is in a range of from 0.5 urn to 50 
urn. 

In the present invention, the aluminum-copper 
clad foil is such one that a copper foil is formed on 
an aluminum foil by electrolytic plating, or the clad 
foil is prepared by a rolling method. The aluminum 
foil is made of pure aluminum including more than 
99.0% by weight of aluminum or made of an alu- 
minum alloy. 

The roughness in average of the surface op- 
posing the surface in contact with the insulating 
layer of the aluminum-copper clad foil is 10 urn or 
lower. 

Further, in accordance with the present inven- 
tion, there is provided a power module in which a 
semiconductor element is mounted on a circuit 
substrate comprising an aluminum-copper clad foil 
whose roughness in average of the surface in con- 
tact with the insulating layer is in a range of from 
0.5 urn to 50 urn, the semiconductor element and 
a circuit formed in the circuit element are con- 
nected by wire bonding and arranged in a package 
such as a plastic material, and are sealed with an 
insulating material such as silicone resin. 

In drawings: 

Figure 1 is an enlarged cross-sectional view of 
an embodiment of the circuit substrate compris- 
ing an aluminum-copper clad foil in which an 
aluminum foil is formed at the top surface; 
Figure 2 is an enlarged cross-sectional view of 
another embodiment of the circuit substrate 
comprising an aluminum-copper clad foil in 
which a copper foil is formed at the top surface; 
Figure 3 is an enlarged cross-sectional view of 
an embodiment of the circuit substrate on which 
an electric conductive circuit is formed and a 
semiconductor element is mounted; 
Figure 4 is a graph showing relations between 
voltage breakdown strength and roughness in 
average of surfaces in contact with the insulating 
layer of aluminum-copper clad foils; 
Figure 5 is a graph showing relations between 
peel strength and roughness in average of sur- 
faces in contact with the insulating layer of 
aluminum-copper clad foils; 
Figure 6 is an enlarged cross-sectional view 
showing a wire bonded portion of the aluminum- 
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copper clad foil (an aluminum layer at the top) 
of the present invention; 

Figure 7 is an enlarged cross-sectional view 
showing a wire bonded portion of the aluminum- 
copper clad foil (copper foil at the top) of the 5 
present invention; and 

Figure 8 is an enlarged cross-sectional view 
showing an embodiment of the power module 
according to the present invention. 
In the following, preferred embodiments of the 10 
circuit substrate for mounting a semiconductor ele- 
ment will be described in more detail with refer- 
ence to the drawings. 

In description, the roughness in average of the 
surface is expressed by Rz which is defined in JIS 75 
(Japanese Industrial Standard) -B0601 . 

Figure 1 is an enlarged cross-sectional view of 
an embodiment of the circuit substrate of the 
present invention. In Figure 1 , an aluminum-copper 
clad foil 3 is laminated on a metallic base plate 1 20 
by interposing an insulating layer 2 with an alu- 
minum foil 5 being formed at the uppermost layer, 
wherein the aluminum-copper clad foil 3 has a 
roughness 4 in average of the surface in contact 
with the insulating layer. 25 

In Figure 2, an aluminum-copper clad foil 3 is 
formed on the base plate 1 by interposing the 
insulating layer with a copper foil 6 disposing at the 
uppermost layer, wherein the clad foil has a rough- 
ness 4 in average at the surface in contact with the 30 
insulating layer. 

Figure 3 is an enlarged cross-sectional view 
showing an embodiment of the circuit substrate for 
mounting a semiconductor element wherein a 
semiconductor element and other electric devices 35 
are mounted on it. Figures 4 and 5 respectively 
show relations among the voltage breakdown 
strength, the peel strength and the roughness Rz in 
average of the surfaces in contact with the insulat- 
ing layer of the aluminum-copper clad foils. 40 

As a metallic base plate 1 used for the circuit 
substrate of the present invention, aluminum, alu- 
minum alloy, copper, copper alloy, iron, stainless 
steel and so on having good thermal conductivity 
can be used. A metallic base plate 1 having a 45 
thickness in a range of 0.5 mm-3.0 mm is generally 
used, but it is not limited thereto. 

The insulating layer 2 used for the present 
invention may be an insulating layer of high molec- 
ular resin which may contain ceramics or inorganic 50 
filler, a high molecular resin layer containing glass 
fibers or a heat-resisting an insulating layer of high 
molecular resin. The thickness of the insulating 
layer 2 is not particularly limited unless failure of 
insulation takes place. Generally, an insulating lay- 55 
er having a thickness of 20 urn or more is used. As 
inorganic powder used for the insulating layer 2, 
alumina, silica, beryllia, boron nitride, magnesia, 



silicon nitride, aluminum nitride, silicon carbide or 
the like may be used. As the high molecular resin, 
epoxy resin, phenol resin, polyimide resin and var- 
ious kinds of engineering plastics may be used. 

As the material of aluminum of the aluminum- 
copper clad foil 3 used for the present invention, 
pure aluminum and aluminum alloy used for an 
extensible material of aluminum alloy in the JIS 
Rule (Aluminum Handbook, edited by Shadan Hojin 
Keikinzoku Kyokai, The 4th Edition, 1990, p.15, 
Table 2.1) can be used. The major elements incor- 
porated in the aluminum alloy are Cu, Mn, Si, Mg 
and so on. There can be used alloy which com- 
prises at least one selected from the group consist- 
ing of an alloy containing Cu of 0.30-7.0% by 
weight, an alloy containing Mn of 0.1-2.0% by 
weight, an alloy containing Si of 2.0-15% by weight 
and an alloy containing Mg of 0.5-6.0% by weight. 

Since the hardness of pure aluminum is soft 
and the extension property is high, it deforms at 
the time of wire bonding and there causes sinking 
of the wire used. When an aluminum alloy foil is 
used, an amount of sinking of the aluminum alloy 
foil is small. Accordingly, it is possible to connect a 
lead wire under wide wire bonding conditions (an 
output and a bonding time). 

The aluminum-copper clad foil is prepared by 
a plating method or a rolling method. In the case of 
plating method, zinc, tin or nickel may be plated 
between an aluminum layer and a copper layer in 
order to increase the bonding strength between 
aluminum and copper. When zinc or tin is sub- 
jected to substituting plating with a thickness of 10 
A-1 um as a substituting layer between the alu- 
minum layer and the copper layer, and then copper 
plating is conducted at a thickness of about 5 um- 
900 um, an excellent bonding force is obtainable 
between the aluminum layer and the copper layer 
in comparison with a technique that nickel plating 
is conducted between the aluminum layer and the 
copper layer. Thus, a highly reliable electric con- 
ductive circuit can be formed. 

When the copper foil is formed by electrolytics 
plating, the roughness of the surface of the copper 
layer can be adjusted by adjusting the density of 
an electric current supplied. For instance, an elec- 
trolytic copper foil having an average roughness of 
0.5 um-50 um can be formed by feeding a current 
having a density of 4 A/dcm 2 or lower. Further, an 
electrolytic copper foil having an average rough- 
ness of 20 um can be formed by supplying a 
current having a density of 3 A/dcm 2 . Further, an 
electrolytic copper foil having an average rough- 
ness of 10 um can be formed by feeding a current 
having a density of 2 A/dcm 2 . 

When the aluminum-copper clad foil is pre- 
pared by a rolling method, it is possible to obtain a 
clad foil having a large thickness which is suitable 
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for a large current. Further, the rolling method 
provides a clad foil having a high bonding strength 
at the interface and durable to corrosion at the 
interface and a clad foil comprising a copper foil of 
high purity. 

The thickness of the aluminum-copper clad foil 
3 of the present invention is not in particular limit- 
ed. For instance, the thickness of the clad foil is 
preferably in a range of 35 w.m-1,000 urn for use 
for a large current. On the other hand, the thick- 
ness of the clad foil is desirably in a range of 9 
um-70 urn for use for a small current. The thick- 
ness of the aluminum foil is preferably in a range 
of 20 wm-80 urn for a large current use. However, 
when a fine circuit having the width of circuit of 200 
urn or less is to be prepared, the thickness of the 
aluminum foil is preferably less than 10 urn and 
the thickness of the copper foil is preferably in a 
range of 1 um-100 urn. 

When the thickness of the aluminum foil is 
more than 10 urn, accuracy in the width of a circuit 
is poor, whereby it is difficult to form a fine circuit 
because an amount of side etching in an etching 
operation is large. 

The roughness in average of the surface in 
contact with the insulating layer of the aluminum- 
copper clad foil 3 used for the present invention is 
in a range of 0.5 um-50 urn. When the roughness 
in average is less than 0.5 urn, the bonding 
strength to the insulating layer 2 is small, and the 
aluminum-copper clad foil 3 is easily peeled off. On 
the other hand, when the roughness exceeds 50 
urn, there occurs concentration of an electric field 
at the top of projections of concave and recess 
portions of the surface of the clad foil, and the 
voltage breakdown characteristic is greatly re- 
duced. 

When the aluminum-copper clad foil is used for 
a field which requires a high peel strength, it is 
preferably that the roughness in average of the 
surface in contact with the insulating layer of the 
aluminum-copper clad foil 3 is in a range of 10 
um-50 urn. On the other hand, when it is used for 
a field requiring a high voltage breakdown char- 
acteristic, it is preferable that the roughness in 
average of the surface in contact with the insulating 
layer of the clad foil is in a range of 0.5 um-20 urn. 
In particular, it is preferable that the roughness in a 
range of 0.5 u.m-10 urn in use for a high voltage. 
On the other hand, when both peel strength and 
voltage breakdown characteristics are required, it is 
preferable that the roughness in average is in a 
range of 10 um-20 urn. The thickness of the sur- 
face of the clad foil can be adjusted by controlling 
the density of an electric current when the copper 
foil is formed by the electrolytic plating as de- 
scribed above. Further, the roughness can be ad- 
justed by mechanically polishing or chemically 



polishing. In particular, the latter methods are used 
for forming a roughened surface of the aluminum 
foil because electrolytic plating is not used for the 
aluminum foil. 

5 A wire bonding portion of the aluminum-copper 

clad foil in the circuit substrate for mounting a 
semiconductor element of the present invention is 
classified into two cases: the aluminum foil being 
placed at the top surface (Figure 6) and the copper 
w foil being placed at the top surface (Figure 7). In 
either case, the bonding portion is formed of a 
bonding wire and an aluminum foil. However, there 
is no change in the relation among the roughness 
in average of the surface in contact with the insulat- 

75 ing layer of the aluminum-copper clad foil, the 
voltage breakdown characteristic and the bonding 
strength. In this case, the roughness in average of 
the surface of the aluminum foil is 10 urn or less, 
more preferably, 10 um-1 mm. When the rough- 

20 ness exceeds 10 urn, a molten portion at the 
bonding portion of the bonding wire can not com- 
pletely fill the uneven surface at the bonding por- 
tion of the aluminum foil, whereby there takes 
place a non-melt portion. This may cause failure of 

25 bonding and reliability on the bonding decreases. 
On the other hand, when the roughness is less than 

1 urn, the surface area of contact between the 
molten portion of the bonding wire and the bonding 
area of the aluminum foil is small. The penetration 

30 of the molten portion into the bonding area of the 
aluminum foil is insufficient and the bonding 
strength is small. Accordingly, reliability is low. 

EXAMPLE 1 

35 

Figure 3 is a cross-sectional view of a circuit 
substrate for mounting a semiconductor element, 
on which a semiconductor element and other elec- 
trical devices are mounted. 
40 The circuit substrate was prepared by applying 

silica-containing epoxy resin as an insulating layer 

2 at a thickness of 100 urn on an aluminum sub- 
strate as a metallic base plate 1 having a thickness 
of 1.5 mm, and by bonding an aluminum-copper 

45 clad foil 3 comprising 40 u.m of an aluminum foil - 
85 urn of a copper foil so as to place an aluminum 
foil 5 at the top surface. The clad foil used was 
such one that the copper is formed on the alu- 
minum foil by electrolysis and the roughness in 

so average (Rz) of the surface in contact with the 
insulating layer was 15 urn (measured by a surface 
roughness tester "Surfcoder", manufactured by 
Kosaka Kenkyusho). 

Then, a resist was applied by a screen printing 

55 method on the circuit substrate having the same 
construction as in Figure 1 (the thickness of the 
aluminum substrate: 1.5 mm, the thickness of in- 
sulating layer: 100 urn, and the thickness of the 
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aluminum-copper clad foil: 40 um-85 urn). Etching 
is conducted with ferric chloride to the aluminum- 
copper clad foil 3 to form a circuit. The resist was 
removed. A resist was again applied to portions 
which require an aluminum pad. An etching solu- 5 
tion capable of selectively dissolving aluminum 
such as an alkali etching solution was used to 
remove unnecessary aluminum portions to expose 
copper foil portions. After the resist was removed, 
a semiconductor, a tip resistor and so on were 10 
mounted on copper conductive portions 8 of the 
circuit by means of solder 7, and the semiconduc- 
tor element 11 and the aluminum pad 9 were 
connected by a wire 10 as an aluminum lead wire 
by using an ultrasonic vibration method. 75 

EXAMPLE 2 

Silica-containing epoxy resin as the insulating 
layer 2 was applied to each of metallic base plates 20 
1 of aluminum of 1.5 mm thick at a thickness of 
100 txm. Electrolytic clad foils comprising alumi- 
num 40 wm-copper 85 urn and rolled clad foils 3 
are respectively bonded to the circuit substrates so 
as to place aluminum foils 5 at the top surface. The 25 
voltage breakdown strength of the samples were 
measured by using model TOS 8700 (Kikusui Den- 
shi Kogyo Kabushiki Kaisha) in accordance with 
JIS C-2110. Figure 4 shows the relation between 
the roughness in average of the surface in contact 30 
with the insulating layer of the clad foil and voltage 
breakdown strength. 

EXAMPLE 3 

35 

Silica-containing epoxy resin as the insulating 
layer 2 was coated at a thickness of 100 urn on 
each of metallic base plates of the aluminum hav- 
ing a thickness of 1.5 mm. Electrolytic clad foils 
comprising aluminum 40 wm-copper 85 urn and 40 
rolled clad foils 3 were respectively bonded on the 
metallic base plates 1 so as to place aluminum 
foils 5 at the top surface to prepare samples of 
circuit substrates. The peel strength was measured 
for each of the samples by using Tensilon U-1160 45 
(Toyo Boldwin Kabushiki kaisha) in accordance 
with JIS C-6481. Figure 5 shows the relation of the 
roughness in average of the surface in contact with 
the insulating layer of the clad foils and the voltage 
breakdown strength. 50 

EXAMPLE 4 

The surface of the aluminum foils of the circuit 
substrates prepared in accordance with Example 3 55 
was polished by using a SiC buff roll (tradename, 
Ultrasuper) manufactured by Kurenoton. The sur- 
face roughness of the samples were measured in 



the same manner as in Example 1 . As a result, the 
roughness in average Rz was 9.2 urn. Then, semi- 
conductor elements were mounted on the samples 
and wire bonding of 10,000 aluminum wires of 300 
urn thick was conducted by using an ultrasonic 
wire bonder (wire bonder USW-5Z60S by Choonpa 
Kogyo Kaisha). As a result of tests, there was 
found no failure of bonding. 

Samples of circuit substrate in which the 
roughness in average Rz of the aluminum surface 
was 12 urn were prepared in the same manner as 
in Example 3. Semiconductor elements were 
mounted on the samples and wire bonding of 
10,000 gold wires of 25 urn thick was conducted. 
As a result of testing, there were found 80 numbers 
of failure of wire bonding. 

EXAMPLE 5 

Circuit substrates of Example 3 were prepared. 
A transistor bare chip 1 1 was attached to the circuit 
through a heat sink 12 by means of solder 7. 
Further, an electrode terminal 13 was soldered, and 
then, the transistor bare chip 11 was bonded to the 
bonding surface 9 of aluminum foil with an alu- 
minum wire 10 of 300 urn thick by ultrasonic 
bonding. A plastic package was put on the circuit 
substrate with an adhesive agent, and silicone resin 
was used for sealing. Thus obtained transistor pow- 
er modules 15 were used as controlling modules 
for inverter air conditioners by supplying power of 
AC 200 V and 20 A. As a result, they were able to 
withstand for a long term use without breakdown. 

In accordance with the present invention, a 
circuit substrate for mounting a semiconductor ele- 
ment having a high peel strength and/or a high 
voltage breakdown characteristic can be obtained 
by specifying the surface roughness of the surface 
in contact with the insulating layer of the aluminum- 
copper clad foil. Further, such circuit substrate 
having high reliability of wire bonding can be ob- 
tained by specifying the surface roughness of the 
surface opposing the insulating layer of the 
aluminum-copper clad foil. Further, a power mod- 
ule for a high voltage and a high current and 
operable for a long time use can be obtained by 
using such circuit substrate for mounting a semi- 
conductor element. 

Claims 

1. A circuit substrate for mounting a semiconduc- 
tor element having an aluminum-copper clad 
foil laminated on a metallic base plate by inter- 
posing an insulating layer, characterized in that 
the roughness in average of the surface in 
contact with the insulating layer of the 
aluminum-copper clad foil is in a range of from 



5 



0.5 urn to 50 urn. 



. The circuit substrate according to Claim 1, 
wherein the aluminum-copper foil is prepared 
by electrolytic plating a copper layer on an 
aluminum foil. 

The circuit substrate according to Claim 1, 
wherein the aluminum-copper clad foil is such 
one prepared by a rolling method. 

The circuit substrate according to Claim 1, 
wherein the aluminum-copper clad foil is com- 
posed of pure aluminum of 99.0% by weight or 
higher. 

The circuit substrate according to Claim 1, 
wherein aluminum in the aluminum-copper 
clad foil is aluminum alloy which comprises at 
least one selected from the group consisting of 
an alloy containing Cu of 0.30-7.0% by weight, 
an alloy containing Mn of 0.1-2.0% by weight, 
an alloy containing Si of 2.0-15% by weight 
and a alloy containing Mg of 0.5-6.0% by 
weight. 

The circuit substrate according to Claim 1, 
wherein the roughness of the surface opposing 
the surface in contact with the insulating layer 
of the aluminum-copper clad foil is 10 urn or 
lower. 

A circuit substrate for mounting a semiconduc- 
tor element having an aluminum-copper clad 
foil laminated on a metallic base plate by inter- 
posing an insulating layer, characterized in that 
the roughness in average of the surface in 
contact with the insulating layer of the 
aluminum-copper clad foil is at least 0.5 urn, 
but less than 10 am. 

A circuit substrate for mounting a semiconduc- 
tor element having an aluminum copper clad 
foil laminated on a metallic base plate through 
an insulating layer, characterized in that the 
roughness in average of the surface in contact 
with the insulating layer of the aluminum-cop- 
per clad foil is in a range of from 10 mm - 20 
urn. 

A power module comprising a circuit substrate 
for mounting a semiconductor element as 
claimed in Claim 1 and a semiconductor 
mounted on the circuit substrate, wherein said 
circuit substrate and semiconductor are con- 
nected by wire bonding, and all constituent 
elements are arranged in a package. 
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